Objective: To evaluate the efficacy of a simple weight loss intervention, based on principles of habit formation. Design: An exploratory trial in which overweight and obese adults were randomized either to a habit-based intervention condition (with two subgroups given weekly vs monthly weighing; n ¼ 33, n ¼ 36) or to a waiting-list control condition (n ¼ 35) over 8 weeks. Intervention participants were followed up for 8 months. Participants: A total of 104 adults (35 men, 69 women) with an average BMI of 30.9 kg m À2 . Intervention: Intervention participants were given a leaflet containing advice on habit formation and simple recommendations for eating and activity behaviours promoting negative energy balance, together with a self-monitoring checklist. Main outcome measures: Weight change over 8 weeks in the intervention condition compared with the control condition and weight loss maintenance over 32 weeks in the intervention condition. Results: At 8 weeks, people in the intervention condition had lost significantly more weight (mean ¼ 2.0 kg) than those in the control condition (0.4 kg), with no difference between weekly and monthly weighing subgroups. At 32 weeks, those who remained in the study had lost an average of 3.8 kg, with 54% losing 5% or more of their body weight. An intention-to-treat analysis (based on last-observation-carried-forward) reduced this to 2.6 kg, with 26% achieving a 5% weight loss. Conclusions: This easily disseminable, low-cost, simple intervention produced clinically significant weight loss. In limited resource settings it has potential as a tool for obesity management.
Introduction
Obesity rates have reached epidemic proportions in many parts of the world. 1 Although cognitive behaviour therapy (CBT) is acknowledged to be the most effective non-medical treatment, 2 the need for specialist skills poses a significant barrier to widespread implementation. Interventions that do not depend on health professional support would be an attractive alternative, 3 and could also be useful for people who are unable to attend treatment sessions. 4 Internet CBT offers one option, 5 although some programmes incorporate individualized feedback from a health professional, 6 thereby increasing the delivery costs. But even Internet CBT requires more commitment than some people are willing to invest. 7 Simple weight control advice in written form, requiring no computer literacy, could therefore make a useful contribution. An implicit goal of many behaviour change programmesFincluding those to treat obesityFis that the new behaviours should become 'habits', that is acquire the quality of 'automaticity' and no longer require conscious effort. However few behavioural interventions have been underpinned by theory related to habit formation. Habits have been defined as 'behavioural dispositions to repeat wellpracticed actions given recurring circumstances' 8 and are assumed to develop through repetition of the behaviour in the presence of consistent stimuli. 9 By definition, habits are resistant to change, even in circumstances when they are in opposition to intentions, [9] [10] [11] and behaviour change interventions are less successful at changing habitual behaviours (those performed frequently in consistent contexts) than non-habitual behaviours. 12 People also pay less attention to information about their habits and are therefore less likely to form intentions in opposition to them even when the information provided is compelling. 13, 14 Although early research on habitual behaviour suggested that explicit rewards are required after a response to an environmental cue, 15 these studies were on arbitrary behaviours in laboratory settings. Rewards may not be necessary when the behaviour is intrinsically rewarding (it is one the individual wants to perform) external rewards are not necessary. Simply repeating an eating or activity behaviour in a consistent context has been found to result in increased automaticity following an asymptotic curve (Lally et al.
a , paper submitted for publication).
Advice on context-dependent repetition is straightforward enough to be able to be described in a leaflet. There is also reasonable consensus on the kinds of behaviours that facilitate weight control (for example, take 10 000 steps a day, choose low-calorie drinks). We therefore hypothesized that a habit-formation model could provide the basis for a simple weight control intervention. We developed a leaflet based around a set of everyday eating and activity behaviours that have been shown to be associated with weight loss, [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] and incorporated advice on repetition in consistent contexts to promote habit formation (see Table 1 ). The leaflet also contained a brief self-monitoring form.
In a case series of 10 people who were given the leaflet and weighed on a weekly basis, the programme was well received, rated as easy to follow and achieved acceptable weight loss (3 kg) over 8 weeks (Lally et al.
b , paper submitted for publication). This study is the next stage of the evaluation; an exploratory trial 26 designed to examine the impact of the intervention on weight loss and quality of life compared with a no treatment control condition.
Methods

Design
The design had two phases: (1) an 8-week period where overweight or obese adults who had volunteered to test a new weight control programme were allocated either to one of the two intervention conditions or to a waiting-list control condition and (2) a 6-month follow-up for the intervention groups. The two intervention subgroups differed only in the frequency of weighing: participants in one group had weekly weighing to match the protocol in the pilot study (Lally et al.
b
, paper submitted for publication), while those in the other had 4 weekly weighing. The primary end points were weight change at 8 and 32 weeks, but we also assessed quality of life. Perceived automaticity of the target behaviours was assessed using items from the selfreport habit index (SRHI) completed at baseline, 12 and 32 weeks in the intervention groups. 27 All applicable institutional and governmental regulations concerning the ethical use of human volunteers were followed during this research. The study received ethical approval from the University College London Committee on the Ethics of Non-NHS Human Research.
The intervention
The programme (named 'Ten Top Tips') consisted of a list of seven simple behaviours associated with negative energy balance (choose low-fat options, low-calorie snacks, low-calorie drinks, eat five servings of fruit and vegetables a day, have small portions and no second helpings, walk 10 000 steps a day, sit for no more than 50 min of each hour), two behaviours designed to improve awareness of food intake (do not perform other activities while eating and read food labels) and one to promote routines (eat at the same times each day; see Appendix). Together, the negative energy balance behaviours were estimated to create a daily deficit of 800-900 kcal for a person changing from doing none to doing all of them, although we recognized that many people would already be doing some and would therefore achieve a lower energy deficit.
The leaflet was designed to be accessible, so the 'tips' were written in easy language with memorable names and the leaflet was attractively designed. In order to encourage habit development in the first 8 weeks, participants were advised to plan ahead to find ways to incorporate the tips into their daily routines. Self-monitoring is a valuable component of behaviour change programmes [28] [29] [30] and therefore we incorporated a simple daily monitoring form in the leaflet. If participants were consistently failing to achieve a tip they had space to make notes and to plan how to achieve it the next week. Space was also included on the form to record weight.
Sample size and recruitment A power calculation based on the pilot results showed that 54 participants were needed to detect a difference of 3 kg between two groups with a power of 0.95. Because the 
Think about your drinks
Choose water or sugar-free squashes. Unsweetened fruit juice contains natural sugar so limit to one glass a day (200 ml/one-third pint). Alcohol is high in calories; limit to one unit a day for women and two for men. 9. Focus on your food Slow down. Do not eat on the go or while watching TV. Eat at a table if possible.
Do not forget your 5 a day
Eat at least 5 portions of fruit and vegetables a day (400 g in total).
Healthy habits P Lally et al present study had three groups, and to allow for attrition, 120 participants were recruited. Managers of local businesses (including the University) sent an e-mail inviting employees to contact the research team if they were interested in participating in a study of a new weight loss programme. Inclusion criteria were age over 18 years and body mass index (BMI) at least 25 kg m
À2
.
Procedure
Potential participants were offered one of three weekdays (to a maximum of 45 participants per day) to attend an information meeting. The days were then randomly designated (by a researcher who was not involved in the trial) as the three experimental conditions. Weight outcomes were recorded at baseline, weeks 4 and 8, for all three conditions, with intervention participants being weighed weekly or monthly for another 6 months (to 32 weeks). Participants in the waiting-list group were offered the intervention after 8 weeks (data not included).
At the initial meeting, participants were given information about the study and those who chose to participate gave written consent. Baseline measures were taken by members of the research team. Participants in the intervention conditions were given the leaflet, but they received no more therapeutic contact. Follow-up weight measurements were taken in drop-in sessions by the first author or one of a team of assistants. Unlike some studies, no payment was offered for attending follow-up appointments.
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Measures At baseline, participants completed a demographic questionnaire. Their height was measured using a Leicester freestanding stadiometer and weight with the TANITA body composition analyzer (model TBF-410M, Sindelfingen, Germany). The shortened extended satisfaction with life scale (ESWLS 32 ) was completed at baseline, and weeks 8 and 32. To assess development of habits, the seven automaticity items from the SRHI 27 were completed by intervention participants at baseline, weeks 12 and 32 for each of 14 behaviours targeted by the intervention. The SRHI has a stem '[the behaviour] is something thaty.' followed by items such as 'I do without thinking'. At the end of the study, participants completed a questionnaire asking which tips were most useful in helping them to manage their weight, whether the behaviours felt habitual, and if so, how long the process of habit formation had taken.
Data analysis
The first analyses compared changes in weight for the three groups over the first 8 weeks, using one-way analysis of variance. Data were analysed both using cases with valid data at both time points (completer analysis) and with an intention-to-treat (ITT) analysis using last-observationcarried forward (LOCF). Longer-term weight trends in the intervention groups were also analysed using data from those who returned to be weighed (completers), and with the whole group using LOCF for missing data points. At 32 weeks a further ITT analysis with baseline values carried forward (BCF) was performed. Change in automaticity was assessed by averaging each individual's change score from baseline to 12 and 32 weeks across the 14 behaviours. Analyses were done using Statistical Package for the Social Sciences (version 14).
Results
A total of 104 individuals out of 120 who came to the information talks chose to take part in the study (Figure 1) . Their characteristics are shown in Table 2 . Three quarters were women, and they were predominantly white, married and well educated. Mean BMI was 30.9 kg m À2 .
The three treatment groups differed in baseline weight (F(2,101) ¼ 3.77, P ¼ 0.026) with the control group being lighter than the monthly weighing (I-MW) group, but they were not significantly different in BMI. The waiting-list group was younger than the two intervention groups (F(2,100) ¼ 4.96, P ¼ 0.009).
The majority of participants (n ¼ 89, 86% of those who started the programme) provided data at 8 weeks. There were no significant baseline differences in BMI, gender, age or education between completers and those who dropped out. Table 3 shows the 8-week changes in weight. In the completers analysis the two intervention groups respectively lost 2.4 kg (monthly weighing, I-MW) and 1.6 kg (weekly weighing, I-WW), compared with 0.4 kg in the control group (WL). Weight loss was significantly different in the three groups (F(2,86) ¼ 9.480, Po0.001), with both intervention The difference in weight loss between the two intervention groups was not significant, indicating that weekly weighing was not the active therapeutic ingredient. When the two intervention groups were combined and compared to the control group (controlling for gender, age and baseline weight), differences were significant both in the completers analysis (F(1,83) ¼ 9.839, P ¼ 0.002) and using LOCF (F(1,98) ¼ 8.314, P ¼ 0.005). Differences in quality of life favoured the intervention groups, but were not significant over 8 weeks.
32-week results
Data from the two intervention groups (N ¼ 69) were combined to assess changes over 32 weeks of using the tips. As expected, there was progressive loss to follow-up, with 46 participants providing data at 16 weeks and 28 (41% of those who started the study) at 32 weeks. Those lost to follow-up were not significantly different from completers on baseline BMI, gender, age or education. Although not significant, there was a trend for dropouts to have lost less weight at both 4 weeks (0.8 vs 1.2 kg) and 8 weeks (1.0 vs 2.1 kg). Figure 2 shows the mean weight changes at each assessment point for completers and all cases using LOCF. Data from the WL group are shown for the first 8 weeks.
Completers showed a pattern of continuing weight loss over follow-up, reaching 3.8 kg at 32 weeks. Using LOCF, this was reduced to 2.6 kg (s.d. 3.2) and a BCF analysis shows a weight loss of 1.5 kg (s.d. 2.9). Of those who completed the study, 54% lost 5% or more of their initial body weight; reduced to 26% using LOCF.
Although quality of Life (ESWLS) did not change significantly more in the intervention conditions than in the control group over the first 8 weeks, it had improved significantly by 32 weeks (t(23) ¼ 2.33, P ¼ 0.029) for those still in the study. At baseline the mean score for participants in the intervention groups was 72.90 (N ¼ 69) and at week 32 it was 79.24 (N ¼ 24; scale range: 22-110).
Over 32 weeks, the SRHI automaticity scores 20 increased by an average of 9 points (N ¼ 36) on this 42 point scale. 
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Although this study was not designed to examine the process through which the intervention promoted weight loss, we performed a post hoc analysis to examine associations between automaticity change and weight loss. Average automaticity change across the 14 behaviours at 12 weeks was significantly correlated with total weight loss (Spearman's r ¼ 0.424, P ¼ 0.028, N ¼ 27).
Only 24 participants completed the final qualitative report, of whom 11 (46%) reported that all the behaviours had become habits, 8 (33%) said that some were habits and the remainder (5) said that none were habits. A total of 17 participants gave a figure for how long it had taken to develop habits and the mean was 3.0 months (s.d. 1.8). Moreover, 20 participants answered the question regarding which tips they had found most useful in managing their weight. They often stated more than one tip, so 31 responses were available. Seven people identified 'walk off the weight', and four identified 'pack a healthy snack' and 'caution with your portions'. The remaining tips were mentioned between one and three times.
Discussion
The main outcome of this study was to show that a leaflet containing healthy nutrition and activity recommendations and simple advice on habit formation, with no health professional intervention, achieved a clinically significant weight loss compared with an untreated control group. Furthermore, participants who remained in follow-up (completers) continued to lose weight over the next 6 months, with an average weight loss of 3.8 kg at 32 weeks. This is similar to the weight loss at 6 months (4.1 kg) reported for 'completers' in an Internet-based CBT programme with individual feedback. 7 Using an ITT analysis (LOCF) reduced the mean weight loss to 2.6 kg, and the more pessimistic BCF analysis reduced it to 1.5 kg.
Although the absolute weight loss was modest, the intervention has the potential to be disseminated at minimal cost to large numbers simply by making the leaflet available. This suggests that an intervention like Ten Top Tips could be very cost effective. Quality of life was non-significantly higher at 8 weeks in the treated groups, but continued to improve over the full 32-week period among those who continued with the study, indicating broader benefits of participation than weight loss alone.
On average, the subjective experience of automaticity across all the behaviours increased during the study, suggesting that for some people at least, the behaviours became more habitual. This was supported by responses to the final questionnaire where 80% of participants reported that at least some of the behaviours had become habits. It also matched results from the pilot study, where participants' description of the behaviours as 'began to feel second nature' or 'worm(ed) their way into your brain' (Lally et al.
were consistent with development of automaticity. The average time participants felt it took to form habits (3 months) appeared to be longer than most had expected, but this was comparable to findings from another study in which, on average, automaticity reached asymptote at 70 days (Lally et al.
a ). The significant correlation between automaticity at week 12 and weight loss during the study, suggested that the habit-formation process was instrumental in helping participants perform the behaviours consistently and lose weight, but this finding needs replicating in a larger sample. The leaflet included the recommendation to plan ways to incorporate the behaviours into daily life. This was to encourage the consistent repetition required for habit acquisition. An extension of this advice would be to ask people to form 'implementation intentions'Fplans that specify when, where and how the behaviour will be performedFbecause these have been hypothesized to accelerate the habit-formation process. 33 In the present study, we decided that asking participants to form detailed plans for so many different behaviours would reduce the appeal of this simple intervention, so we did not emphasize this approach. However, it is possible that participants were forming implementation intentions without being explicitly instructed to do so. Future work could assess whether people spontaneously form implementation intentions when given this type of intervention, or whether they would benefit from being advised to do so. This is the first study to test the efficacy of a simple leaflet as a weight loss intervention, regardless of theoretical orientation. The nearest previous work has used educational messages presented in monthly mailed newsletters to prevent weight gain, although this failed to achieve a significant effect on weight. 34 Interest in this simple intervention is likely to be stimulated by the relatively little effort required either by consumers or health professionals, but an effectiveness trial is needed to assess the impact at a population level. 
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The greatest challenge for all weight loss interventions is maintenance. 35 Encouragingly, the results of this study indicated that participants who returned for weight measurements continued to lose weight over 32 weeks and the behaviours increased in automaticity. The theory of habit formation is that repeated behaviours become automatically cued by the environment and therefore get easier to perform over time. This should aid maintenance of weight loss so long as there are no compensatory changes. However, habits can be lost, especially if the environmental cues change, 7 so some kind of booster treatment may be an important element of maintenance. There were a number of limitations to this study. The cluster randomization with three groups was a pragmatic decision, and is not ideal for interpreting causal effects, but it is an appropriate step up from the case series used in the pilot study. The dropout rate for later assessments was high, but attrition is always an issue in weight loss trials. 36 Given the low intensity of the intervention and the absence of any incentive to return, this rate of attrition was not surprising. The fact that there were no baseline differences between dropouts and completers is encouraging for generalizing the results, but also means that we lacked any hint about factors that promote participation. Participants in this study had relatively high levels of education and were not representative of the general population. However, there were individualsFboth in this study and the pilot studyFwith very little education, and they appeared to have no difficulty in understanding the leaflet and following the advice. The study would have benefited from continuing for longer to assess maintenance, and ideally all researchers who carried out weighing would have been blind to group allocation, but this was not practical.
Weighing people on a regular basis may have an independent effect on weight loss 37 and we are unable to draw conclusions about the long-term efficacy of the intervention if participants are not weighed. However, weight loss over 8 weeks was greater in the intervention group than the control group who were weighed equally often, so we can be confident that the intervention has effects beyond regular weighing. In addition, the intervention group given weekly weighing lost no more weight than the monthly weighing group.
Conclusions and implications
Giving motivated adults the Ten Top Tips leaflet resulted in significant weight loss over 8 months, together with improvement in quality of life. The target behaviours became more subjectively automatic during the study, which bodes well for maintenance. This intervention shows promise as a programme that could be disseminated on a large scale at low cost and has the potential to result in significant benefits relative to the professional effort required. Food labels detailing the caloric and nutritional content of foods provide a basis for making healthy food choices. 42 Inadequate labelling can have a negative impact on nutrition. 42 Providing individuals with simple methods to understand labels will facilitate informed choices. 20 This tip helps people to make informed choices.
6. Caution with your portions Do not heap food on your plate (except vegetables). Think twice before having second helpings.
Portion sizes have increased inside and outside the home in the past 30 years. 43, 44 Larger portions contain more calories and can contribute to excess energy intake and weight gain. Eating satisfying portions of low-energy-dense foods can help enhance satiety and control hunger while restricting energy intake for weight management. 21 À100 kcal 7. Up on your feet Break up your sitting time. Stand up for ten minutes out of every hour.
Inactive people are more likely to be obese than active people. 18 Time spent in sedentary behaviours (e.g. TV watching, sitting at work) is related to overweight and obesity, independent of physical activity level 22, 45 Decreasing sedentary time and increasing lightto-moderate activity such as household chores may bring substantial health benefits. 18, 22 À100 kcal 8. Think about your drinks Choose water or sugar-free squashes. Unsweetened fruit juice contains natural sugar so limit to one glass a day (200 ml/ one-third pint). Alcohol is high in calories; limit to one unit a day for women and two for men.
Intake of sugar-sweetened soft drinks has increased over the last 30 years; up by 135% (278 kcal) in 5 years. 46 Higher consumption of sugar-sweetened beverages is associated with greater weight gain. 23 Intake of calorific drinks may lead to excess energy intake that is not compensated for elsewhere in the daily diet. More TV viewing tends to be associated with a higher calorie intake. Internal cues regulating food intake may not be as effective while distracted by the TV. 24 This tip helps to avoid unconscious slips in their behaviour. 10. Do not forget your 5 a day Eat at least 5 portions of fruit and vegetables a day (400 g in total).
The UK Department of Health recommends 400 g of fruit and vegetables a day. Fruits and vegetables have high nutritional quality and low energy density. Eating the recommended amount produces health benefits including reduction in the risk of cancer and coronary heart disease. 47 
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